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The Order Ephemeroptera is relatively small, with about
3,000 species, 42 families and 400 genera known in the world
(Barber-James et al. 2008). For South America, approximately
460 species have been reported, Brazil and Argentina show-
ing the highest number of species (Domínguez & Fernandez
2009; Domínguez et al. 2011). In Brazil, the increase in the
number of studies on mayflies in recent years has contrib-
uted to a better knowledge of the biodiversity of the order in
almost all regions. There are about of 258 species reported
for the country with the highest number of species reported
in the Southeastern Region (Domínguez et al. 2011; Salles
et al. 2011; Gonçalves et al. 2011, 2012). In the State of São
Paulo 53 species were recorded (Mariano & Polegatto 2011).
Mayfly immatures are important components of aquatic
assemblages in freshwater environments due to their high
abundance and richness and their role in the trophic chain
(Domínguez et al. 2006). Nymphs are considered mainly
collectors and filter-feeders of organic matter or scrapers of
periphyton, while shredders and predators are rare (Cummins
& Klug 1979; Brittain 1982; Baptista et al. 2006). Some spe-
cies are even able of changing the functional feeding group,
with great flexibility in the use of food resources (Domínguez
et al. 2006). Nymphs, therefore, have an important role in
nutrient cycling, since they process large amounts of organic
matter from the riparian vegetation and periphyton in the
aquatic environment (Moulton et al. 2004, Domínguez et al.
2006).
Mayfly nymphs occur in a wide variety of habitats, but
are highly diverse in lotic systems with rocky substrate and
fast flowing waters. This group, together with the Trichoptera
and Plecoptera, are excellent biological indicators of water
quality, due their sensitivity to pollution and to habitat frag-
mentation (Rosenberg & Resh 1993). These orders are in-
tensively used in biological monitoring in water quality
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ABSTRACT. Diversity of Ephemeroptera (Insecta) of the Serra da Mantiqueira and Serra do Mar, southeastern Brazil. The aim of this
study was to inventory the mayfly fauna, based on nymphal and alate stages, in Serra da Mantiqueira and in Serra do Mar, São Paulo
State, as well as to present information about habitats used by the genera. Nymphs were collected in several streams and mesohabitats
with a Surber sampler and the winged stages with light attraction methods, entomological nets, and Malaise traps. In all, eight families
and 33 genera were recorded, representing a very significant portion of the Brazilian fauna (80% of families and 49% of genera).
Furthermore, it was possible to identify 11 species, of which two are new records for the state: Tricorythodes santarita Traver and
Caenis reissi Malzacher. Despite the high diversity recorded, the accumulation curves presented an ascending form, indicating an
increase in the number of genera with additional sampling effort. The high richness found in these areas are in agreement with the high
biodiversity of the Atlantic Forest biome and the sampling effort employed, which included the use of different methods, the collection
of both nymphs and winged stages, and the sampling of a large area with diverse streams and habitats.
KEYWORDS. Aquatic Insect; Faunal Survey; Lotic Environment; Neotropical Region.
RESUMO. Diversidade de Ephemeroptera (Insecta) da Serra da Mantiqueira e Serra do Mar, região Sudeste do Brasil. O objetivo
do trabalho foi inventariar a fauna de Ephemeroptera, com base em ninfas e estágios alados, da Serra da Mantiqueira e Serra do Mar
no estado de São Paulo, bem como gerar informações sobre os hábitats utilizados pelos gêneros registrados. As ninfas foram
colecionadas em diversos riachos e mesohábitats com amostrador de Surber e os alados por métodos de atração luminosa, rede
entomológica e armadilha de Malaise. Considerando o esforço conjunto de todos os métodos de coleta foram registradas oito
famílias e 33 gêneros, o que representa uma porção bastante significativa da fauna brasileira (80% das famílias e 49% dos gêneros).
Além disso, foi possível identificar 11 espécies, das quais Tricorythodes santarita Traver e Caenis reissi Malzacher são novos
registros para o estado. Apesar da alta diversidade registrada, as curva de acumulação de gêneros não atingiram a assíntota, indican-
do um aumento no número de gêneros com o incremento do esforço amostral. A alta riqueza encontrada nesse estudo está de acordo
com a grande biodiversidade do bioma Mata Atlântica e ao esforço amostral empregado, que abrangeu o uso de diferentes métodos
de coleta, coleta de ninfas e estágios alados e amostragem de uma grande área com diversos riachos e habitats.
PALAVRAS-CHAVES. Ambiente Lótico; Inventário Faunístico; Insetos Aquáticos; Região Neotropical.
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programs of rivers and streams and in environmental impact
evaluations (Compin & Céréghino 2003).
Knowledge about the diversity of mayflies is still fragmen-
tary in Brazil, as shown in the last checklist, where five states
do not have any records of Ephemeroptera and nine states have
less than 10 species (Salles et al. 2011). In São Paulo, the
number of studies on ecology, taxonomy, and biology of
Ephemeroptera assemblages are increasing in recent years (e.g.,
Crisci-Bispo et al. 2007; Polegatto & Froehlich 2003; Mariano
& Polegatto 2011) and led to the current knowledge of
biodiversity in the state. On the other hand, due to the increas-
ing human occupation and exploitation of natural areas, fau-
nal inventories especially those that include both immature
and alates are relevant to the establishment of priority areas
for biodiversity conservation. Thus, mayflies diversity and
ecological requirements could be used as tools to evaluate en-
vironmental impacts on water resources and drive future re-
search on applied ecology. The present study had the purpose
to inventory the mayfly in mountainous regions in the state of
São Paulo, as well as to provide information about habitat pref-
erence and activity of the recorded genera.
MATERIAL AND METHODS
Study area. The study was conducted in two major moun-
tain chains of São Paulo State: Serra da Mantiqueira and Serra
do Mar (Fig. 1).
In Serra da Mantiqueira, the samplings were concentrated
in the Parque Estadual de Campos do Jordão (PECJ) (22°30’
to 22°41’S, 45°27’ to 45°31’W) and in the municipality of
Pindamonhangaba (Reserva Particular São Sebastião do
Ribeirão Grande and Parque Municipal de Trabijú) (22°44’
to 22°50’S to 45°27’ to 45°31’W). In Serra do Mar, the col-
lections were made in Parque Estadual da Serra do Mar, nu-
clei Santa Virginia (23°17’ to 23°24’S, 45°03’ to 45°11’W)
and Picinguaba (23º15’ to 23°27’S, 45º03’ to 45°15’W).
The PECJ has an area of 8,385 ha in the municipality of
Campos do Jordão and has an average altitude of 1,650 m.
The vegetation consists of Upper-Montane Tropical Rain For-
est, Mixed Forest (predominance of Araucaria angustifolia)
and Grassland Fields. The climate of this region, according to
the classification of Köppen, is Cfb, subtropical of altitude,
without dry season, average temperature of warmest month
below 22°C and annual average rainfall of 1,800 mm (Seibert
1975). In the region of Pindamonhangaba, the vegetation con-
sists of Grassland Fields and Montane Tropical Rain Forest
(Hueck 1972). However, the original vegetation is currently
found only on the slopes of mountains. The climate is Cwa,
humid subtropical with hot summers and dry winters and an-
nual average rainfall of 1,000 mm.
The Santa Virginia nucleus is located in a narrow strip be-
tween the Atlantic plateau and the Paraíba do Sul River valley.
The altitude ranges from 870 to 1,100 m and the vegetation is
characterized by Montane Tropical Rain Forest, with some
small patches of Altitude Fields and Cloud Forest. The climate
is classified as Af, humid tropical, with an annual average rain-
fall of 2,180 mm, the wettest months being December, Janu-
ary and February. The Picinguaba nucleus is located in the
municipality of Ubatuba and connects the Parque Estadual da
Serra do Mar to the Parque Nacional da Bocaina, forming a
large protected area. The nucleus covers an altitudinal gradi-
ent from level zero to 1,300 m, protecting a gradient of veg-
etation and ecosystems from coastal dunes and mangrove to
Montane Tropical Rain Forest. The climate of the area is Af,
according to Köppen, but with high precipitation during all
months of the year due to the orographic effect.
Sampling design. Mayfly immatures were collected be-
tween May 2005 and November 2008 in four areas, explor-
ing different environments (e.g., streams of low and middle
order and lakes) and stream habitats (waterfall, riffle and pool
areas with deposits of leaves, roots, sand, and stone). In all,
around 80 stream e 420 samples of stream substrate were
collected with a Surber sampler (area of 0.0361 m2 and mesh
of 0.25 mm). Three hundred and nine samples were collected
from approximately 50 streams in the Serra da Mantiqueira
and 114 samples were collected from 30 streams in the Serra
do Mar. After collection, the material was fixed in 4% form-
aldehyde and transported to the laboratory, washed in a mesh
of 0.25 mm, then sorted under a stereomicroscope and pre-
served in 80% ethanol.
During the same period, mayfly alates (adults and
subimagos) were collected to complement the survey using
white sheet light traps and trays with 80% ethanol and ultra-
violet and fluorescent lamps over them near the banks of
streams; a total of 132 samples were collected, 65 samples in
the Serra da Mantiqueira and 67 samples in the Serra do Mar.
The traps remained in place from twilight for about two hours.
Moreover, the vegetation of the stream bank was swept with
an entomological net to collect alates and in Parque Estadual
de Campos do Jordão a Malaise trap was installed on a stream
for a period of two consecutive years (2005–2007) and the
material retained in the ethanol jar was collected every month.
Fig. 1. Geographical localization of the Serra da Mantiqueira (PECJ - Parque
Estadual de Campos do Jordão, RP - Pindamonhangaba region) and Serra
do Mar (Parque Estadual da Serra do Mar, NSV - Santa Virgínia nucleus,
NP – Picinguaba nucleus) in São Paulo State (Segura et al. 2012).
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Mayflies were fixed and preserved in 80% ethanol, but, when
manually collected, live subimagos were put in small jars
until emergence of the adults. Nymphs and alates were iden-
tified to genus level and, when possible, adults to species
using published books (Domínguez et al. 2006; Domínguez
& Fernandez 2009), taxonomic articles (e.g. Salles et al. 2004;
Dias et al. 2006), and help from experts.
Data analysis. The total genus richness and sampling ef-
fort in Serra da Mantiqueira and Serra do Mar were evaluated
by randomized accumulation curves and by qualitative non-
parametric richness estimators (Bootstrap, ICE and Jackknife
1 and 2). The use of randomized curves was adopted to avoid
variation in curve shape during the addition of samples (Colwell
& Coddington 1994). The Jackknife and ICE estimate the rich-
ness based on rare species frequency. They differ only in the
criterion by which a species is considered rare. For example,
in Jackknife 1, rare species are those that occur in only one
sample, while in Jackknife 2 rare species are those that occur
in only one and two sample units (Santos 2003). For the ICE
estimator, the user chooses the frequency to define rare spe-
cies, but common choices are the interval one to ten sample
units (Santos 2003). In this study, rare genera were defined as
those that occurred in up to 10 sample units in the data set.
Bootstrap uses frequency data of all taxa sampled and not only
those of rare species (Santos 2003). The curves were gener-
ated from 500 randomizations in EstimateS 8 software (Colwell
2006). The accumulation curves and estimates were obtained
separately for nymphs and alates collected by Surber sampler
and light traps, respectively.
The rarefaction method was used to compare nymphal
richness between Serra da Mantiqueira and Serra do Mar
and between the habitats sampled (stones in riffles, leaf packs
in riffles, leaf packs in pools, sand in pool and waterfall). For
rarefaction was used the highest comparable abundance:
3,379 individuals between mountains; 535 individuals be-
tween habitats of Serra do Mar; and 411 individuals between
habitats of Serra da Mantiqueira. The method was used to
remove sampling effects on taxonomic richness (Gotelli &
Colwell 2001). Curves were generated from 1,000 randomi-
zations with a confidence interval of 95% and performed
using EcoSim 7.0 program (Gotelli & Entsminger 2004).
RESULTS
Eight families and 33 genera of Ephemeroptera were
found, based on the combined effort from all sampling meth-
ods used in different environments and both life stages, in
addition, it was possible to identify 11 species (Table I).
Among the families, Baetidae and Leptophlebiidae were the
most representative, with 12 and 10 genera, respectively.
In streams of Serra da Mantiqueira, eight families and 27
genera were found, of which two genera were restricted to
this region: Callibaetis and Lachlania (Table I). In PECJ six
families and 26 genera were recorded, of which 17 genera
were collected exclusively in the nymphal stage and nine in
both, nymphs and alates. In the Pindamonhangaba region,
six families and 24 genera were found, of these 14 genera
were collected exclusively as nymphs, one as alate and nine
genera in both stages.
In streams of Serra do Mar, seven families and 31 genera
were recorded, of which Aturbina, Cryptonympha, Waltzoy-
phius, Perissophlebiodes, Ulmeritoides and Asthenopus oc-
curred only in this region (Table I). In Santa Virginia, seven
families and 29 genera were found, 19 genera as nymphs and
10 as nymphs and alates. In Picinguaba, five families and 21
genera were recorded, of which 10 genera were collected as
nymphs and 11 in both stages.
Among the collecting methods of alates, light traps (sheet
or tray with ethanol) showed the highest richness, with 16
genera collected. Caenis, Campylocia, and Campsurus were
collected only at the white sheet and Hermanella and
Tricorythopsis were captured exclusively by the plastic trays.
Hagenulopsis diptera Ulmer was collected only with ento-
mological nets and Malaise traps.
The accumulation curves of genera evidenced a greater
richness of nymphs and alates for Serra do Mar and Serra da
Mantiqueira with increasing sampling effort, since there is a
wide variation around the mean curve (Fig. 2). Statistical rich-
ness estimators suggest a larger number of genera in Serra do
Mar (Fig. 2).
Rarefaction curves based on immatures showed higher
genera richness in Serra do Mar for a comparable abundance
of 3,379 individuals (Fig. 3A). In Serra do Mar, the richness
in stones in riffles was similar to that of leaf packs in pools,
but higher than the others mesohabitats for a comparable
abundance of 535 individuals (Fig. 3B). Richness of
mesohabitats stones in riffles, leaf packs in riffles and pools,
and sand was similar in the Serra da Mantiqueira for a com-
parable abundance of 411 individuals (Fig. 3C). Sporadic
samples were also collected in dam and sand mesohabitats
in the Serra do Mar and lentic environment and macrophytes
in the Serra da Mantiqueira, but such samples were not in-
cluded in the rarefaction analysis due their low numbers.
DISCUSSION
Currently, there are 10 families, 68 genera and 258 spe-
cies of Ephemeroptera recorded in Brazil (Domínguez et al.
2011; Salles et al. 2011; Gonçalves et al. 2011, 2012). In
São Paulo State, there are records of nine families, 37 genera
and 53 species (Mariano & Polegatto 2011). Thus, the present
study, which covers the most important mountainous regions
of São Paulo State, recorded a significant portion of the fauna
composition of Brazil (80% of families and 49% of genera)
and of the state (89% of families and genera). In addition,
the species Tricorythodes santarita and Caenis reissi are new
records for São Paulo State.
The high richness of Ephemeroptera found in this study is
highlighted by comparison with other studies of different en-
vironments and regions of Brazil, based only on sampling
nymphs (e.g., Crisci-Bispo et al. 2007; Bispo & Oliveira 2007;
Siegloch et al. 2008; Righi-Cavallaro et al. 2010). These re-
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Table I. Taxonomic composition of Ephemeroptera based on nymphs (by mesohabitat) and alates (by sampling method) in Serra da Mantiqueira and Serra
do Mar between May 2005 and November 2008. StR = stones in riffles (n = 152); LR = leaf packs in riffles (n = 116); LP = leaf packs in pools (n = 86);
SaP = sand in pool (n = 45); W = waterfall (n = 24); L = lentic (n = 4); D = dam (n = 2); T = tray light attraction (n = 66); S = white sheet light attraction
(n = 55); EN = entomological net (n = 11); M = Malaise trap (n = 2 years).
Taxa
Serra da Mantiqueira Serra do Mar
Nymphs Alates Nymphs Alates
StR LR LP SaP W Le T S EN M StR LR LP SaP W D T S EN
Baetidae
Americabaetis Kluge, 1992 x X x x x x x x x x
Apobaetis Day, 1955 x x x x
Aturbina Lugo-Ortiz & McCafferty, 1996 x
Baetodes Needham & Murphy, 1924 x x x x x x x x x
Callibaetis Eaton, 1881 x
Camelobaetidius Demoulin, 1966 x x x x
Cloeodes Traver,1938 x x x x x x x
Cryptonympha Lugo-Ortiz & McCafferty, 1998 x
Paracloeodes Day, 1955 x x x x x x x x
Tupiara Salles et al., 2003 x x x x x x x
Waltzoyphius  McCafferty & Lugo-Ortiz, 1995 x x
Zelusia Lugo-Ortiz & McCafferty, 1998 x x x x x x x x
Caenidae
Caenis Stephens, 1835 x x x
Caenis reissi Malzacher, 1986 x
Euthyplociidae
Campylocia Needham & Murphy, 1924 x x x x x x x x x
Leptohyphidae
Leptohyphodes Ulmer, 1920 x x x x x x x x x x
Leptohyphodes inanis Pictet, 1843 x x x x
Leptohyphes Eaton, 1882 x x x x x x x x
Traverhyphes Molineri, 2001 x x x x x x x x x x x x x
Traverhyphes yuati Molineri, 2001 x x
Traverhyphes edmundsi Allen, 1973 x
Tricorythodes Ulmer, 1920 x x x x x x x x x x x x
Tricorythodes santarita Traver, 1959 x x
Tricorythopsis Traver, 1958 x x x x x x x x x x
Leptophlebiidae
Askola Peters, 1969 x x x x x x x x x x x x x
Askola froehlichi Peters, 1969 x x
Farrodes Peters, 1971 x x x x x x x x x x x
Farrodes carioca Domínguez et al., 1996 x x x
Hagenulopsis Ulmer, 1920 x x x x x x x x x x x x
Hagenulopsis diptera Ulmer, 1920 x x x
Hermanella Needham & Murphy, 1924 x x x x x
Hylister Domínguez & Flowers, 1989 x x x x x x
Massartella Lestage, 1930 x x x x x x x x x x x x x x
Massartella brieni Lestage, 1924 x x
Miroculis Edmunds, 1963 x x x x x x x x x x x x x
Miroculis mourei Savage & Peters, 1983 x x
Perissophlebiodes Savage, 1983 x
Thraulodes Ulmer, 1920 x x x x x x x x x x x x
Ulmeritoides Traver, 1959 x x x x
Melanemerellidae
Melanemerella Ulmer, 1920 x x x x x x x x
Melanemerella brasiliana Ulmer, 1920 x x x x x x x x
Polymitarcyidae
Asthenopus Eaton, 1871 x x
Campsurus Eaton, 1868 x x x
Oligoneuridae
Lachania Hagen, 1868 x x x
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sults emphasize that the mountainous regions of São Paulo
State harbor a high diversity of aquatic insects, as demonstrated
also in studies of Trichoptera (Spies & Froehlich 2009) and
Coleoptera (Segura et al. 2012). The high richness of
Ephemeroptera is possibly related to peculiarities of local and
regional conditions, such as the heterogeneity of habitats, re-
lief (altitude), vegetation (Tropical Rain Forest and Mixed For-
est), and by the state of preservation of the regions concerned.
Moreover, the large sampling effort employed contributed to
the high richness obtained; as it covered a large area and dif-
ferent environments, and the use of different methods of cap-
ture, including sampling of both immature and alate stages.
The results obtained reinforce the need of better conser-
vation programs in these areas, since they are fragmented
landscapes and subject to anthropogenic pressure from sur-
rounding areas. In Serra da Mantiqueira, particularly in
Parque Estadual de Campos do Jordão, there are records of
annual burning and cattle grazing in some areas (Spies &
Froehlich 2009). Grazing affects the stability of the substrate
of streams and the biomass of riparian vegetation (Scrimgeour
& Kendall 2003). The fire causes indirect effects, such as,
reduction of habitat and changes in nutrient dynamics, be-
cause fire residues are washed by rain into the streams
(Minshall 2003). In Pindamonhangaba, the remaining forest
fragments are surrounded by vast plantations of Eucalyptus.
In Serra do Mar, especially in Picinguaba, there is an irregu-
lar occupation in the area of the park.
The efficiency of light attraction methods was already
known, due to the nocturnal activity of most genera and at-
traction to light during copulation. However, other methods
are important to complement the faunal inventories, because
there are some species with diurnal activity, which are not at-
tracted to light. In this study, alates of the species Hagenulopsis
diptera were collected only with entomological nets and Mal-
aise traps, indicating that they have diurnal activity.
The greater diversity recorded in the Serra do Mar is pos-
sibly due to collections having been made in larger streams,
where Ephemeroptera seem more diversified. In this region, a
greater number of third order streams were sampled. Some
genera were recorded exclusively in each mountain range, for
Fig. 2. Genera accumulation curves and richness estimators for nymphs (A1) and alates (A2) of Serra da Mantiqueira and nymphs (B1) and alates (B2) of
Serra do Mar, between 2005 and 2008, produced from 500 randomizations. The lines represent the mean curves and the standard deviation of each curve.
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example, Callibaetis and Lachania occurred only in Serra da
Mantiqueira. The first genus is common and abundant in habi-
tats with low water velocity or lentic environments, habitats
sampled only in Serra da Mantiqueira. In Santa Virginia (Serra
do Mar), the record of Perissophlebiodes expands the distri-
bution of the genus in São Paulo State, previously recorded
only in Parque Estadual Intervales, in the Serra de Paranapia-
caba (Polegatto & Froehlich 2008). The individuals were col-
lected on stones in riffles in low order streams. After the genus
description in 1982 very few records of its occurrence have
been made, which suggests a restricted distribution and low
density of their populations (Polegatto & Froehlich 2008). This
genus is listed as a threatened species in the endangered cat-
egory (Ministério do Meio Ambiente 2008).
The aquatic habitats are structured by different types of
substrates, such as sand, stones, leaves, wood, roots, and
macrophytes, all of which exhibit an effect on colonization,
persistence and diversity of invertebrates (e.g., Cooper et al.
1997; Scealy et al. 2007). Several studies have shown that
diversity of invertebrates increase with the complexity of
substrate at finer spatial scales (e.g., Boyero 2003; Mormul
et al. 2011). Possible explanations are the increase of food
availability (periphyton and detritus) and the increase in ref-
uges (with a reduction in predation risk and from current)
(Mazurkiewicz & Fleituch 2000). Many aquatic insects can
occupy more than one type of substrate, but some groups are
restricted to specific substrates (Sanseverino et al. 1998). In
this study, the hypothesis that greater diversity would be found
in a more stable and structurally complex substrate (rocks in
riffles) was not supported, but the different taxonomic rich-
ness found among mesohabitats especially in Serra do Mar,
indicates the preference of some genera to a specific type of
substrate or/and environmental condition (water velocity and
dissolved O
2
). However, the lack of significant difference in
richness among mesohabitats in Serra da Mantiqueira, rein-
force the need of more wide and specifically designed stud-
ies to test these habitat preferences.
The cumulative curves of genera in both mountain ranges,
considering immature and alate stages, indicated the need to
increase the sampling effort, since the curves did not stabi-
lize, suggesting that new records can be made in future in-
ventories. This may be explained by the constant presence of
rare species in the samples (Santos 2003). Sampling of len-
tic environments, larger rivers and other habitats should re-
sult in records of additional genera in these areas.
The high richness of Ephemeroptera found in the study
areas, as well as new species records for the state, empha-
sizes the importance of the collection of the two life stages,
of sampling in many habitats and in the use of complemen-
tary methodologies for appropriate faunal inventories. Fur-
thermore, these results reinforce the need for better
conservation of parks and encourage the inclusion of new
areas into conservation units to maintain high biodiversity in
a threatened biome such as the Atlantic Forest.
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